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Athena reeeey

HERKELEY LAE

1 It's a framework:

« Represents a collection of classesthat provide a set of services for a
particular domain.

« A skeleton of an application into which developers plug in their code
and provides most of the common functionality.
1 Utilizes components:

« A physical and replaceable part of a system that conformsto and
provides the realization of a set of interfaces.

1 Framework Design Goals:
« Object oriented paradigm

» C++ implementation language
» Java foreseen

« Separation of Data and Algorithms

« Separation of Transient and Persistent Data
» |ndependence from persistent implementation
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Athena reeeey

HERKELEY LAE

- 1 Based on the LHCB framework: Gaudi

1 Slightly customized: extends or replaces several
core services

1 Core abstractions:
 Algorithms: computational code
Data Objects. transient objects capable of being converted
Converters. convert datafrom one representation to another
o transient — persistent
e transient — graphical
Services: components that provide a support service
* histogram service
* montecarlo generators
Data Stores. several, both transient and persistent




Athena-Gaudi Object Diagram
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Algorithm e

HERKELEY LAE

1 Users write concrete Algorithms derived from
base class Algorithm
« called once per physics event

. Implement- at least - three methods in addition to the constructor
and destructor

 initialize() - called once at beginning of job
» execute() - called for every event
» finalize() - called once at end of job

1 Algorithm provides hooks to common services

« Other registered services are accessible once their header fileis
included in the Algorithm

o Services are accessible viatheir abstract interfaces




| ntegr ation Objectives
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I I R N I B

Access GEANT4 services from Athena framework
« simple access for standard features
o ability to use low level G4 functionality

Use HepMC event as produced by Generators

Understand various ATLAS geometry formats:
« basic GEANT4 C++ geometry classes
. multiple flavours of XML

Use GEANT4 Physics Lists

Preserve GEANT4 Hits and Tracks/Trajectories for
further processing

Visualization
Use Athena framework facilities for persistification
Use Athena framework facilities for histograms

Use any other Athena framework component...
any af7am work comp A



Components %

HERKELEY LAE

[ G4Svc: Athena/GAUDI service
« G4Svc

* inherits from IService, 1G4Svc
« usually, only thing the user needs to talk to
* triggers G4SvcRunManager initialization, event processing loop and termination

o G4SvcRunManager
* inherits from G4RunManager

 extends functionality
« splits up event loop so G4 event/hit store doesn’t get cleared until end of Athena

event
* no BeamOn method

« AthenaHepM CtoG4EventAction
« converts HepMC::GenEvent MonteCarlo event in Transient Event Store into a
G4Event

7 XML geometry builders
« reads XML files and builds detector geometry and materials
specifications
W ERSC)




Accessto GEANT4 Services == f

||||

1 Significant code already exists in ATLAS that uses
G4 in a standalone capacity. Need to simplify
transition to Athena for these users.

1 Pure GEANT4 facilities can be accessed in several
different ways:

« using pre-defined G4Svc access methods, as defined in the Abstract
Interface (1G4Svc), such as:
e SetUserAction( G4VUserEventAction );
e SetUserlInitialization( G4VUserDetectorConstruction™ );

o direct accessto GARunManager
« Vviacommand line userlnterface session
 sending text commands to the UIlmanager

 get hold of various other G4 objects, such as G4Event* and talk
directly to them
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M C Event Conversion

Convert HepMC::GenEvent as produced by
Generators into a G4Event, using a class that
inherits from 64VUserPrimaryGeneratorAction

Can do multiple events per event (pileup)
Trivial to do with SingleParticleGun

For Pythia events, don't need all the particles, can
purge unstable ones

Problem: particle tree becomes disconnected.
« put al particlesinto one primary vertex.
« Create many primary vertices, one for each HepMC::GenV ertex
« relink tree properly

W ERSC
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PhysicsLists e
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1 Very simple: copy directly from GEANT4 examples.

1 Select via jobOption
« G4Svc.PhysicsList = “string”

1 Available lists:
« Geantino (ExNO1, EXNO02)
« ElectroMagnetic (EXNO3)
o Full (EXNO04)
o “none” - user must supply their own

1 Users can also create their own lists, and load them
via
o G4Svc->SetUserlnitialization( PhysicsListl)

W ERSC
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Process L oop: initialize() %

HERKELEY LAE

ASve::initialize()

initialize()
AddLi st ner (EndEvent, MEvent Gener at ed)
new ASvcRunManager

LAArAS m:initialize()

ASvc->Set Userlnitialization(new LArDet ectorConstruction)
ASvc- >Set User Acti on( new LAr RunActi on)

ASvc- >Set User Acti on(new LAr Event Acti on)

(ASvc- >Set User Acti on(new LAr St eppi ngActi on)

WERSC
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Process L oop: execute() %

HERKELEY LAE

execute() ||—p| GenModul e:: execute()

create HepMCEvent Col l ection, put in StoreGate
fire McEvent Generated incident

L ASvc: : handl e( McEvent Gener at ed)

if (FirstEBEvent) {
runMgr->Set UserInitialization(PhysicsList)
runMyr - >Set User Act i on( At henaHepMXt oAEvent Acti on)
setup visualization
runMgr->Initialize()

}

p| GASvcRunManager : : St art Event (n)

Set Nunmber Of Event sToBeSt or ed( n)
Runlnitialization()
DoEvent Loop( n)

- p1 At henaHepMXt oGAEvent Action: : Generat ePri mari es()

for (1,n) {
SaveHi ts()
SaveTracks()

}

- AVErSC



Process L oop: execut ceeee
COHP e()

execut e()

P LAr G4Si m : execut e()

access AVHits in StoreGate
process Hits

- p| GASvc:: handl e( EndEvent)

runMgr - >EndEvent ()

L; AASvcRunManager : : RunTermi nati on()

- AVErSC



Saving G4VHits
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FrFreEerys ‘m

ASvcRunManager: : SaveH ts( (AEvent [ event) {

event - >Get HCof Thi sEvent ()

new vector<string> hit_keys

for (HtCollections in event) {
new vector<&AVH t*> v_HC
hit keys->push_back(Hi tCol | ection->Cet Nane())
for (AVHits in HtCollection) {

v_HC- >push_back(AVHi t)

}
StoreGate->record(v_HC, Hit Col | ecti onNane)

}
StoreGate->record(hit_keys, ’HitKeys™)

15
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Saving G4V Trajectories A{

HERKELEY LAE

1 Very similar to G4VHits, except all stored in one
container

ASvcRunManager : : SaveTr acks( AEvent * event) {

vect or<&AVIrajectory*> *v_TC = new vect or <AVTraj ect ory*>;
ATraj ectoryContai ner* TC = event->Cet Traj ect oryCont ai ner () ;

for (AVIrajectory* in TrajectoryContainer) {
v_TC- >push_back( AVTraj ectory?*)
}

storeGate->record(v_TC, "(AVTrajectory")

1 debug mode prints out all G4TrajectoryPoints in
each 64VTrajectory. Turn off when using Pythial

W ERSC
16 P



G4Svc Job Options
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G4Svc.PhysicsList:
o "EXNO1", "ExXNO2", "ExXNO3", "EXNO0O4 "
o "Geantino", "EM", "Full", "none"

G4Svc.DefaultPhysicsCut
» foraPhysicsList

G4Svc.Visualize

o turn on visualization

G4Svc.VisType
. default VRML

G4Svc.SaveTracks, SaveHits
« save G4Hitsand G4Traectories

G4Svc.RunVerbosity, EventVerbosity,
TrackingVerbosity

« how much G4 output to print out

17
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Accessing the G4Svc eeee?) |
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1 Tell the jobOptions about it:

ApplicationMgr.DLLs += { "ASvc" };
Appl i cati onMyr. Ext Sve += { "ASvc" };

1 Get hold of the service inside an Algorithm:

#i ncl ude "&ASve/ | ASve. h"

| ASvc* p_(ASvc,
St at usCode status = service("&ASve", p_ASve);

WERSC
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Building the Geometry

1 Users can create standard G4 C++ classes, and
register them directly with the 64Svc

ASvc->Set Userlnitialization( new MyDet ect orConstruction );

1 ATLAS also uses XML to describe the detector
geometry and materials. Several different
competing models exist - a frustrating lack of
standards. Generic geometry builders have been
designed that will assemble a G4 geometry by
parsing the XML.

« packaged as separate Algorithms that build the geometry in their
intialize() method

« Selected at run time by providing the appropriate jobOptions

W ERSC
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Building Geometry from XML
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7 Several XML geom/material builders have been implemented:

o Stan’s G4Builder: G4Builder

Appl icationMgr.DLLs += { "(4Buil der" };
ApplicationMgr.TopAlg ={ ... , "HABuilderAg", ... };

(ABui | der Al g. Mat eri al XM
(ABui | der Al g. Det ect or XM

“"Material AGDD. xm ";
"Atl as_AGDD. xm ";

« Jean-Francois’s AGDDBuilder: G4AAGDDBuilder

ApplicationMgr.DLLs += { "G4AGDDBui | der" };
Appl i cationMyr.TopAlg = { ... , "GAAGDDBuilder”, ... };

GAAGDDBUI | der . Mat eri al XM
GAAGDDBUI | der . Det ect or XM

“"Material AGDD. xm ";
"Atl as_AGDD. xm ";

« Andrea’s DOM model: G4ADOMBuilder

Appl i cati onMgr .DLLs += { “GADOMBuilder” };
ApplicationMgr.TopAlg = { ... , "GADOMBuilder'™, ... };

G4DOMBui lder . XML = { ”SCTDesc.xml”’, “color.xml” };

20
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Building AGDD Geometry %

HERKELEY LAE

1 Use AGDD to read in (uncompacted) XML

AVPhysi cal Vol une* Det ect or Construction:: Construct () {

AGDD Factory & = AGDD Factory:: Expat i nstance();
f.build detector _description (mmterialFile);

Bui l dMaterial build material;
buil d material.parseA@D (f.get _detector_description() );

f.build detector _description (mdetectorFile);

Bui | dGeonetry buil d_geonetry;
bui |l d_geonetry. parseAG@D (f.get _detector _description() );

WERSC
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G4Svc User | nterface

1 Can access the G4UT text user interface at any
time:
e p_ASvc->Start U Session();

1 Can also pass commands directly to the UImanager:
e p_&ASve->ui Myr () - >Appl yCommand( "&4 conmmand” )

W ERSC
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Accessing Hits and Tracks N

HERKELEY LAE

1 G4VHits and G4V Trajectories are stored in
StoreGate in vectors, keyed by name

7 Inan Algorithm's execute method, to retrieve hits:

const Dat aHandl e< vector<string> > hit_keys;
vector<string>::const _iterator kitr;

St atusCode status = msgSvc->retrieve( hit_keys, "HitKeys" );
I f (status.isSuccess()) {

for (kitr=hit_keys->begin(); kitr!=hit_keys->end(); ++kitr) {
const DataHandl e< vector<&AVH t*> > hits;
status = msgSvc->retrieve(hits, (*kitr));

I f (status.isSuccess()) {
vector<&AVH t*>::const _iterator itr;
for (itr=hits->begin(); itrl=hits->end(); ++itr) {

(*itr) -> Print();

}

}

}
}

W ERSC
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Visualization oo
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1 Several visualization models are currently
supported:
« VRML/vrweb
. DAWN

 Wwill add the other G4 standards when | get the chance: had trouble
compiling them in under Linux when | first started

1 By turning visualization on via the jobOptions, the
G4Svc will write out the appropriate visualization
file at the end of every event.

W ERSC
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| mplementations
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GEANT4 novice examples 1 through 4
« package GA4Sim/G4EX.

« UuseAlgorithm “G4ExNO01", “G4ExXNO02", “G4ExXNO3”, “

Liquid Argon Calorimeter,
o package GASIM/LArG4Sim
o Uses C++ classes

SCT with G4Builder
« package G4Sim/G4Builder

SCT,Muon HEC with G4AGDDBuilder
. package G4Sim/G4AGDDBuUilder

SCT with G4DOM
. package G4Sim/G4DOMBuilder

G4ExXN0O4”

25
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Status
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1 Tested with G4.3.2,64.4.0
7 Survived tens of thousands of single particle

[]
[]

events, and a thousand+ of Pythia events

Still in prototype phase

Waiting to hear back from users as to desired
features, and undesired features (bug reports)

We hope to use it in the ATLAS Data Challenge,
part 1, phase B




General Comments

Not entirely trivial to use Geant4 in "non-standard”
ways.

In many cases it was difficult to get to the guts of
the various managers. Instead of providing
accessors to functionality, had to send text
commands with the ApplyCommand() method of the
G4UImanager.

Had to hack the RunManager and split it into two
parts to prevent 64 from deleting the Hits/Tracks
before I was ready to use them.

Compiling/linking/running tricky since didn't know
what libraries to include. Need a "geant4-config” a la
“root-config” or "cernlib”

W ERSC
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Documentation
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1 online:
e http://annwm | bl . gov/ 4

1 CVS.
« ATLAS CVS repository
« $CVSROOT = :kserver:atlas-sw.cern.ch:/atlascvs
« Offline/Simulation/ GA4Si m ASvc

28
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